Introduction {#s1}
============

Coronary artery disease (CAD) remains the leading cause of death in United States as per the 2011 National Center for Health Statistics' annual report \[[@R01]\]. The traditional risk factors for CAD are male gender, hypertension, diabetes mellitus, dyslipidemia, tobacco use, early family history of CAD and lack of physical activity \[[@R02], [@R03]\].

Lately, medical conditions such as end-stage renal disease (ESRD), autoimmune and inflammatory diseases affecting connective tissues (lupus and rheumatoid arthritis), and human immunodeficiency virus (HIV) infection have also been reported as the risk factors of CAD \[[@R04]-[@R06]\]. HIV infection is an independent risk factor for cardiovascular disease (CVD), stroke and atherosclerosis \[[@R06], [@R07]\]. The mechanism of CAD in HIV-infected people is a result of a complex interplay of traditional CAD risk factors mentioned above, effects of the antiretroviral agents, and inflammatory and immunologic changes. All these factors lead to endothelial dysfunction and atherosclerosis leading to CAD \[[@R08]\].

Irrespective of the risk factors, pre-menopausal women have a lower risk and incidence of hypertension and CAD compared to age-matched men \[[@R9]\]. This gender advantage for women gradually disappears after menopause, suggesting that hormones play a cardio-protective role in women \[[@R10]\]. However, HIV-positive pre-menopausal women tend to lose the cardio-protective effect of estrogen and have a higher risk for CAD compared with their HIV-negative counterparts (HIV-negative pre-menopausal women). The HIV-positive pre-menopausal women should be more vigilant in reducing their risk for developing CAD.

Objectives of the study {#s1a}
-----------------------

The primary objective of this study was to compare the 10-year cardiovascular risk in pre-menopausal HIV-positive women and pre-menopausal HIV-negative women using Framingham risk score ([Table 1](#T1){ref-type="table"}) \[[@R11]\].

###### Framingham Coronary Artery Disease Risk Calculator \[[@R11]\]

  Variables                                                 Response
  --------------------------------------------------------- -------------
  Age                                                       \_\_ years
  Gender                                                    Male/female
  Total cholesterol                                         \_\_ mmol/L
  HDL cholesterol                                           \_\_ mmol/L
  Smoker                                                    Yes/no
  Diabetes mellitus                                         Yes/no
  Systolic blood pressure                                   \_\_mm Hg
  Is the person taking medicines for high blood pressure?   Yes/no

HDL: high-density lipoprotein.

We also evaluated the effectiveness of risk factor modification methods in HIV-positive women, whether physicians/healthcare providers counseled the HIV-positive patients (frequency) and whether these patients followed those instructions (adherence).

Materials and Methods {#s2}
=====================

Our study utilized the national level datasets from NHANES, "National Health and Nutrition Examination Survey" from the National Center for Health Statistics of the Center for Disease Control and Prevention (CDC) \[[@R12]\]. We used the datasets from 1999 to 2014. This survey combines interviews and physical examinations conducted in a mobile examination clinic (MEC) \[[@R13], [@R14]\]. Fasting blood draws were taken in the morning after an overnight fast of at least 9 h.

All the pre-menopausal females older than 18 years of age and younger than 55 years old were included in the study. Participants with a history of stroke, CAD and angina were excluded from the study as our focus was on primary prevention of CAD in HIV patients. The other exclusion criteria were male gender, females less than 18 years, females more than 55 years, post-menopausal women and missing data.

The complex datasets from NHANES were consolidated and analyzed using SPSS v.19. The sample was divided into two groups: HIV-positive women and HIV-negative women. Framingham risk score was calculated and compared between the two groups \[[@R11]\]. Individual risk factors contributing to CAD including blood pressure, hemoglobinA1c, smoking, cholesterol levels and family history of CAD were compared. Also the physicians' advice to reduce the risk (counseling on diet, exercise and weight) and patient's intent to engage in lifestyle modifications were analyzed. Chi-squared or Fisher's exact test was used to compute the P-value for categorical variables such as demographics and health practices. Independent samples *t*-test was used to compare the continuous variables (body mass index (BMI), waist circumference, systolic and diastolic blood pressures, glucose, low-density lipoprotein (LDL), high-density lipoprotein (HDL) and total cholesterol levels, triglycerides and hemoglobin A1c) between the two groups. A two-sided P \< 0.05 was considered as a statistically significant level.

The study was exempt from Institution Review Board approval as it did not involve any human subjects in the study.

Results {#s3}
=======

The NHANES datasets had a total sample of 82,091 people. From this sample, people less than 18 years and more than 55 years, males, post-menopausal women, people with history of CVDs were excluded. Sample with missing data was further excluded. The final sample available for analysis was 9,639. Out of them, 9,610 people were found to be HIV-negative, four were HIV-indeterminate and 25 were HIV-positive ([Fig. 1](#F1){ref-type="fig"}). The basic demographic characteristics of the sample are shown in [Table 2](#T2){ref-type="table"}.

![Flow chart illustrating derivation of final sample. The total sample was 82,091. All the exclusion criteria were applied. The final sample was 9,639. Overall, 9,610 people were HIV-negative, four were HIV-indeterminate and 25 were HIV-positive. HIV: human immunodeficiency virus; MI: myocardial infarction.](jocmr-12-409-g001){#F1}

###### Baseline Characteristics of the Sample

  Characteristics                HIV-positive women (N = 25)   HIV-negative women (N = 9,610)   P value
  ------------------------------ ----------------------------- -------------------------------- ----------
  Age in years, mean (SD)        39.44 (7.46)                  33.90 (8.94)                     0.147
  Race, n (%)                                                                                   \< 0.001
    Caucasian                    1 (4.0)                       4,030 (41.9)                     
    African American             21 (84.0)                     1,916 (19.9)                     
    Hispanic                     2 (8.0)                       2,844 (29.6)                     
    Others                       1 (4.0)                       820 (8.5)                        
  Married, n (%)                 6 (24.0)                      4,802 (50)                       0.049
  Pregnant, n (%)                1 (4.0)                       1,173 (12.2)                     0.358
  Family history of CAD, n (%)   3 (12.0)                      1,199 (12.5)                     0.943
  Current smokers, n (%)         0 (0.0)                       858 (8.9)                        0.242
  Diabetes mellitus, n (%)       1 (4)                         537 (5.6)                        0.729

SD: standard deviation; CAD: coronary artery disease; HIV: human immunodeficiency virus.

The comparison of the component variables of Framingham risk score between the two groups is shown in [Table 3](#T3){ref-type="table"}. With no significant difference, the HIV-positive women were older than the women in the HIV-negative group (P = 0.147). The overall Framingham risk score of the two groups is also shown in [Table 3](#T3){ref-type="table"}. The component variables include systolic blood pressure, incidence of using medications for blood pressure, tobacco use, hemoglobin A1c, HDL cholesterol and total cholesterol. The table also shows the comparison of diastolic blood pressure and C-reactive protein. Overall, there seems to be no significant difference between any of these individual variables between the two groups. However, there is a significant difference between the two groups when it comes to the Framingham 10-year risk score. The mean Framingham risk score in pre-menopausal HIV-positive women (mean = 2.12, standard deviation (SD) = 2.73) was significantly higher than the pre-menopausal HIV-negative women (mean = 0.95, SD = 1.93) (P \< 0.05).

###### Comparison of Framingham Risk Score and Its Component Variables Between HIV-Positive and HIV-Negative Pre-Menopausal Women

  Variables                                HIV-positive pre-menopausal women (N = 25)   HIV-negative pre-menopausal women (N = 9,610)   P value
  ---------------------------------------- -------------------------------------------- ----------------------------------------------- ---------
  Age in years, mean (SD)                  39.44 (7.46)                                 33.90 (8.94)                                    0.147
  Systolic BP, mm Hg, mean (SD)            113.4 (23.1)                                 109.3 (18.6)                                    0.215
  Diastolic BP\*, mm Hg, mean (SD)         67.23 (17.3)                                 66.0 (13.8)                                     0.136
  On medicines for BP, n (%)               5 (20.0)                                     930 (9.7)                                       0.082
  Current smokers, n (%)                   0 (0.0)                                      858 (8.9)                                       0.242
  Hemoglobin A1c, mean (SD)                5.27 (0.42)                                  5.33 (0.79)                                     0.531
  HDL cholesterol, mg/dL, mean (SD)        45.4 (9.8)                                   57.4 (16.2)                                     0.050
  Total cholesterol, mg/dL, mean (SD)      187.0 (42.5)                                 192.5 (41.4)                                    0.523
  C-reactive protein\*, mg/dL, mean (SD)   0.36 (0.31)                                  0.51 (0.82)                                     0.113
  Framingham 10-year risk score            2.12 (2.73)                                  0.95 (1.93)                                     0.010

\*Diastolic blood pressure and C-reactive protein are not part of the Framingham risk score. SD: standard deviation; BP: blood pressure; HDL: high-density lipoprotein; HIV: human immunodeficiency virus.

[Table 4](#T4){ref-type="table"} shows the comparison of cardiovascular risk factor modification strategies between the two groups. The strategies we looked for included diet modification, smoking cessation, exercise and weight loss. The table illustrates the comparison of these strategies used by the patients and also the frequency of advices given by healthcare providers for their lifestyle modification. The results show that more there was no significant difference in terms of HIV-positive women trying to decrease their risk of developing a CAD by losing weight (P = 0.27), increasing exercise (P = 0.52) or modifying diet (P = 0.38).

###### Comparison of Cardiovascular Risk Factor Modification Strategies Between HIV-Positive and HIV-Negative Pre-Menopausal Women

                                                  HIV-positive pre-menopausal women (N = 25)   HIV-negative pre-menopausal women (N = 9,610)   P value
  ----------------------------------------------- -------------------------------------------- ----------------------------------------------- ---------
  Physician's advices on lifestyle modification                                                                                                
    Told to lose weight, n (%)                    4 (16.0)                                     1,020 (10.6)                                    0.383
    Told to exercise, n (%)                       7 (28.0)                                     1,254 (13.0)                                    0.027
    Told to modify diet, n (%)                    7 (28.0)                                     1,277 (13.3)                                    0.031
  Patient's adherence to lifestyle modification                                                                                                
    Trying to lose weight, n (%)                  7 (28.0)                                     1,864 (19.0)                                    0.277
    Trying to increase exercise, n (%)            6 (24.0)                                     1,821 (18.9)                                    0.520
    Trying to modify diet, n (%)                  8 (32.0)                                     2,356 (24.5)                                    0.385
    Tried to quit smoking, n (%)                  0 (0.0)                                      163 (1.7)                                       0.485

HIV: human immunodeficiency virus.

When it comes to the physicians' advice to reduce the patient's risk of CAD, there was no difference in weight loss (P = 0.38) but there was a better pattern when it comes to increasing exercise (P = 0.02) and modifying diet (P = 0.03). About 28% of the women in HIV-positive group were advised to modify diet or increase exercise as compared to 13% in the HIV-negative group.

Discussion {#s4}
==========

This study shows that the Framingham risk of developing CAD in pre-menopausal HIV-positive women is higher compared to their non-HIV counterparts.

Treatment of HIV infection has become easily accessible and effective in many clinical settings across the globe. This has led to a significant decrease in the mortality and morbidity related to HIV- and AIDS-related complications of advanced HIV disease \[[@R15]\]. Though HIV-related mortality has been decreasing, there has been a steady increase in the proportion of deaths attributable to noninfectious complications of HIV including CVDs \[[@R16], [@R17]\]. It is a known fact that HIV-infected women have higher rates of developing CAD as compared to uninfected women. Studies have shown that the increased risk was persistent even after adjustment for demographic factors, other comorbidities and alcohol or cocaine abuse \[[@R18], [@R19]\]. As per the available data, women also represent 20% of all the new HIV infections \[[@R20]\]. African American women are disproportionately affected by the HIV infection epidemic, which is concurrent with the findings from our study (84% of HIV-infected women are African American).

Our results show that over a period of 16 years of the study, the risk of developing CVD is high from the traditional risk factors itself. Though there is no difference in terms of the risk posed by individual risk factors like tobacco use, high cholesterol, diabetes and hypertension but the cumulative effect is causing a significantly higher risk as seen by the difference in the Framingham risk between the two groups ([Table 3](#T3){ref-type="table"}). This shows that established risk factors themselves play a significant role in HIV-associated CAD than the disease itself.

However, according to the results from our study, there is no difference in the health behavior of the HIV-infected women ([Table 4](#T4){ref-type="table"}). The physicians and healthcare providers seem to be more sensitive in this regard and they did advice their HIV patients to focus on exercise and diet modification. However, it is not clear if this pattern is "by chance" or related to the fact that they are HIV-positive. There are studies to report that many cardiovascular interventions are underused in HIV populations, including aspirin therapy and lipid-lowering therapy \[[@R21], [@R22]\].

Since HIV seems to be an independent risk factor for developing CAD, it is prudent to sensitize both physicians and patients regarding the increased vulnerability to CAD in the HIV population. HIV-positive patients should be provided relevant information regarding smoking cessation, lifestyle modifications, periodic blood pressure and lipid-profile monitoring and diabetes screening. The evidence-based public health strategies that are currently in practice targeting traditional CAD risk factors for the general population should be further tailored to HIV-infected patients \[[@R23]\].

The biggest strength of our study is using national level data, a large number of variables and a large sample size. To the best of our knowledge, this is the first and the only study that has evaluated the cardiovascular risk patterns in women with HIV.

This study is not barring limitations. The study has a very small number of HIV-positive patients. This is a retrospective study based on self-reported data from CDC/NHANES survey. Studies have shown that self-reported data vary in reliability. The data collection was not done in a blinded pattern. More detailed information such as HIV viral load and compliance with HIV medications was not available which may affect the cardiovascular risk. Framingham risk score does not take into account high-sensitivity C-reactive protein higher levels that may be reflective of increased cardiovascular risk, particularly in women.

Conclusion {#s4a}
----------

The intersection of HIV and CAD pathogenesis and patterns will pose a significant challenge from a clinical as well as a public health standpoint. Since Framingham and the other traditional CAD risk scores do not factor in HIV status, there is a need to develop methods to stratify CAD risk in the HIV population.
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